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1. Introduction 
Several studies are now avarlable on the ontogenesis 
of the muscariruc binding sites in the developing chrck 
[l] and rat brain [2] chick retina cells [3] and drs- 
socrated rat cerebral cell cultures [4]. The postnatal 
levels of the muscarunc receptor m several regrons of 
the developmg rat bram were investigated m more 
detarl [2] and maximum bmdlng actrvity by about 
4 weeks postpartum was shown. A similar develop- 
mental profne has been recently reported for the 
muscarmrc receptor in that rat hrppocampus forma- 
tion [5]. 
As part of our mterest m studying the effects of 
vascular-induced mtrauterme growth retardation on 
brain development [6] we have examined the ontog- 
enesrs of the muscarmrc binding sites m the fetal 
rabbit bram. 
Here we report on the concentration of the mus- 
carmrc receptor m several regions of the prenatal, 
newborn and adult rabbrt bram. In addition we dem- 
onstrate that the maximal concentratron of the 
receptor m the rabbrt cerebellum 1s attamed early rn 
the neonatal stage. 
2. Materials and methods 
New Zealand white does raised at The Werzmann 
Instrtute Animal Colony were mated on appropriate 
dates and fetuses removed by cesarean sectron between 
25-31 days gestation. Fetal brains were excised and 
a number of bram structures, easily identified as of 
day 25 gestation, were separated, weighed and stored 
at -70°C. When sufficient matenal had been collected, 
SO-100 mg tissue samples, freed of blood and 
menmges, were homogenized m 9 vol. rce cold 0.32 M 
sucrose using a Potter Elvehjem glass homogeruzer 
fitted wrth a Teflon pestle. Protem content was assayed 
by the Lowry method [7] and DNA as m [8] after 
precrprtatmg ahquots of the homogenate (0 l-O.2 ml) 
with 40 vol. chloroform/methanol l/2 (v/v). 
Determrnation and characterrzatron of the mus- 
carunc receptors was performed using [3H]qum~cl~dmyl 
benzylate ( [3H]QNB), 29.4 Cr/mmol, obtained from 
New England Nuclear, Boston, Mass. Acetylcholme 
and scopolamine (chloride forms) and nicotine were 
from Sigma Chemical Co (St. Lotus, MO), atropme 
sulfate and oxotremorme from Fluka AC (Bucks, 
Switzerland). 
Incubation mixtures consisted of SO-150 fig pro- 
tein homogenate, 60 mM NaC1/25 mM TrrsCI buffer 
(pH 7.4) and 7 nM [3H]QNB m final vol. 0.2 ml. 
Bmdmg was carrred out m triplicate for 45 mm at 
25’C and the reaction terminated by dilution with 
2 ml mcubatron buffer, followed by vacuum filtra- 
tion over glass fiber filter (GF/C, Tamar, Israel). The 
filter was rmsed 3 times with 3 ml portions of buffer, 
dried and the radroactrvrty determined m a Packard 
scmtrllatron spectrometer at 38% efficiency using a 
scmtrllatron mrxture consisting of 33% (v/v) Triton 
X-100,0.8% PPO and O.Ol%POPOP m toluene. 
Elsevler/North-Holland Biomedical Press 151 
Volume 97, number 1 FEBS LETTERS January 1979 
3. Results and discussion 
3.1. Pharmacological properties of the QNB binding 
sites 
Specific bmdmg of [3H]QNB was defined as 
maximal bmdmg less the binding m the presence of 
lo-’ M atropme. Specific binding was linearly pro- 
portional with protein concentration up to 0.2 mg 
protein and was saturable when either fetal cerebellum 
or adult cerebral cortex homogenates were assayed as 
illustrated m fig. 1. The dissociation constant calculated 
from the double reciprocal plot was equal for both 
preparations, with an apparent K, value of 1.5 nM, 
which is compatible with other values reported for 
the central nervous system [9]. 
The muscarmic properties of the QNB bindmg 
sites m both fetal cerebellum and adult cerebral cortex 
were investigated using a number of muscarinic antag- 
onists and agonists. The inhibition constant K,, for 
the [3H]QNB bindmg sites was calculated from the 
equation 
K, = E&a’(l + M/Kd) 
where K, = 1.5 nM, stands for the apparent dlssocia- 
tion constant of [3H]QNB estimated from direct 
bindmg studies, [L] = 7 nM 1s the molar concentra- 
tion of [3H]QNB m the assay mixture and EDSo IS 
c 
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Fig 1 Double recrprocal plot of speck [ 3H]QNB bindmg 
of adult tort x and fetal rabbrt cerebellum (28 days gestation) 
% For experim ntal conditrons and specrtic bmding definition 
see text 
the concentration of the drug studied which displaces 
50% of maximum bound radioactivity [lo] 
The muscarmlc antagonists copolamine and atropine 
dlsplayed the highest affinity m protecting the bmding 
sites, each with app. Ki 0.3 X lo-” M and 1.3 X 1 O-‘M, 
respectively. The agonists oxotremorme and acetyl- 
choline (the latter assayed m the presence of 5 X 1 0T6 M 
eserine) were less effective with mhlbltlon constants 
of 1 .I X lob6 M and 8 X lo-’ M, respectively. In 
contrast, the app. K, m the presence of mcotme was 
> 5 X 1O-4 M. There were no marked differences 
between the mhlbltion constants obtamed with either 
fetal cerebellar or adult cerebral cortex preparations. 
These results suggest hat the [ 3H] QNB bindmg sites 
m the fetal cerebellum display typical muscarmlc 
characteristics. 
3.2. Regional distribution of muscarinic binding sites 
The distrlbutlon of muscarimc bmding sites in 
various regions of the fetal, newborn and adult rabbit 
brain is shown m table 1. In all brain regions studied 
considerable levels of QNB binding sites are evident as 
of day 25 gestation. Significant differences in the 
regional distribution of the muscarimc receptor levels 
of the adult rabbit brain are encountered. When 
expressed per mg protein the highest level is seen m 
the caudate followed by the cerebral cortex and the 
hlppocampus whereas the thalamus, hypothalamus 
and the midbrain structures exhibit intermediate 
Table 1 
Regonal distnbution of muscarmic bmdmg sites of the 
prenatal (25 days gestation) newborn and mature 
rabbit bram 
Bram region Prenatal Newborn Adult 
(fmol/mg protem) 
Cerebral cortex 722 15 232 + 25 723 f 82 
Hlppocampus 44? 10 358 * 30 560 + 104 
Caudate nucleus - 410 f 28 1232 i 215 
Thalamus 215+20 360 f 48 424? 52 
Hypothalamus 154 ? 42 195 f 35 305 * 20 
Midbrain 117 f 23 393 f 54 367 + 54 
Lower bram stem 194 f 15 241* 35 143 f 35 
Cerebellum 203 f 30 325 f 28 54* 16 
Specrfic [3H]QNB bmdmg was determined as debbribed in the 
text. Values expressed as pmol/mg protein represent mean 
of 3-5 ammals f SEM 
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levels. In contrast a great reduction is observed within 
the lower brain stem and the cerebellar regions, m 
line with the values reported by others for rat and 
monkey bram [2,11]. 
3.3. On togenesis of muscarimc receptor and other 
growth parameters in the developing cerebellum 
In almost every region studied, a progressive 
mcrease in receptor binding activity toward birth 1s 
apparent. Prompted by the observation that the con- 
centration of the muscanmc receptor per mg protein 
in the cerebellum of newborn rabbits is relatively high, 
we investigated in more details the receptor develop- 
ment with respect to several growth parameters. As 
shown in fig.2, the specific [%I]QNB binding rises 
from 0.2 pmol/mg protein at 25 days gestation to 
an -0.4 pmol/mg protein peak at 2 days before 
partuntion. This 1s followed by a sigmficant reduc- 
tion, when expressed per mg protein, which levels off 
at -0.2 pmol/mg protem by 3 days postnatally. A 
further decline of about 4-fold is observed toward 
maturity. Srmrlarly, when expressed per c(g DNA 
(table 2), the levels of the QNB binding sites are 
maximal at 2-3 days prior to birth and decline by 
a factor of 7 m the adult state. This is evrdently due 
to the fact that the protein/DNA ratios m the cere- 
bellum are virtually the same at all ages studied. How- 
ever, when expressed per whole cerebellum, the receptor 
density reaches an adult value by 10 days postnatally 
and remains constant. At that time the size of the 
cerebellum is only about l/4 of the adult level. 
Furthermore, both the DNA and the protein content 
Days 
Frg 2 Development of [‘H]QNB bindrng sites in rabbrt cere- 
bellum Values are expressed m terms of mg protem and each 
pomt 1s a mean (+ SEM) from at least 5 cerebella 
per mg tissue are significantly elevated. These obser- 
vations would suggest hat the ontogenesrs of the 
QNB binding sites is accomplished relatively early in 
development. As already pointed out the muscarmic 
receptor represents only one of several types of 
cholinergic receptors and its ontogenesis may not 
necessarily comcrde with the acqursrtion of other 
cholmergic markers [2,12]. Furthermore one cannot 
rule out the possrbility that its appearance is of a 
vestigious nature. 
Whether its early onset is an indication for a highly 
specific cholinergtc function related to early cerebellar 
Table 2 
Changes m the muscarmrc bmdmg sates and other growth parameters of rabbit 
cerebellum during development 
Age Cerebellar parameters ‘H[QNB] bmdmg 
(days from wet weight Protem DNA fmol/ fmol/ 
conception) I.rg DNA cerebellum 
(mg) mg/g bram 
Prenatal 25 35k 8 57.6 2 8 4.3 412 
28 54* 5 57 8 2.6 8 1 1177 
Newborn 31-32 802 12 60.0 34 59 1564 
Postnatal 42 390* 45 82 8 4.5 4.0 7040 
Adult >125 1510 f 200 82 3 4.4 1.1 7134 
For details see text 
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neurogenesis or if it is a phenomenon which is associated 
with functional cholmergrc innervation remams to be 
seen. Prehmmary autoradiography studies uggest 
QNB bmding sites to be selectively localized in certam 
regrons of the cerebellum. 
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